The dual-gare strucrure [3] used in this study is shown in Fig. 1 
l. Introduction
Novel circuits and memories based on the Coulomb blockade of single-electron tunneling have recently been proposed and experimentally demonstrated. [1] However, in such single-elecffon devices, the process of simultaneous tunneling of different electrons 
Results and Discussion
The dual-gare strucrure [3] used in this study is shown in Fig. 1 Fig. 3 . In what follows, the leakage current when V, is below V *c is discussed from the viewpoint of co-tunneling. Inelastic co-tunneling [2] is known to be the simultaneous tunneling of different electrons across different barriers via virtual charged states in the quantum dot, as is shown in Fig. 4 ,. This is thought to be a dominant leakage mechanism when the charging energy is sufficiently larger than the thermal energy. It must be kept in mind that inelastic co-tunneling creates electron-hole excitations in the dot, as is obvious in Fig. 4 . Elastic co-tunneling [1] is thought to be negligible in our case since the quantum dot is not small enough.
The inelastic co-tunneling current in a two-barrier system at low temperature is given by [2] I.r.= (ztfDzv + ezV, (1) where V and T are drain voltage and temperature, respectively. To study the experimental data in terms of Eq.(l), a logarithmic plot of Fig. 3 for VD>A3 mV is shown in Fig. 5 . When a quantum dot is formed (i.e., V ro= -5.8 V), the data obtained at low voltages lie on a straight line with a slope equal to 1, as is expected from Eq. (l). With increases inVo, the slope becomes larger than 1 over a particular voltage range, then returns to l.
This linear current at higher voltage agrces well with the classical "orthodox theory" [1] of Coulomb blockade. For quantitative discussion, the Io -Vo characteristics for 0.3 mV <V, < 3 mV (= 0.6 V nc) are fitted by Eq. (1) in Fig. 6 . The experimental data are fined well by Eq.
(l) giving T -6.9 K. The higher effecrive remperature extracted from the experiment is thought to be due to the electron-hole excitations created during inelastic cotunneling in the quantum dot, as shown in Fig. 4 
